ABSTRACT
INTRODUCTION
Chronic lead toxicity is a common health problem which mostly occurs due to occupational exposure. As the majority of lead (approximately 90% in adults) is stored in bony tissues, its intoxication causes various pathological changes in the human skeleton (1, 2) . Moreover, the lead stored in bone may be mobilized by physiological and pathological states such as pregnancy, lactation and osteoporosis (1) and cause some toxic effects in other tissues. It has been shown that lead exposure impairs collagen synthesis via inhibiting hydroxylation and/or endothelial growth factor (2) .
Type I collagen is the most abundant component of the tendons (3) . Therefore, the aim of this study was to explore the possible impact of occupational lead exposure on the tendons. However, to our best knowledge, ultrasonographic tendon evaluation in subjects with chronic lead exposure has not been studied until now. In this regard, we have taken supraspinatus and Achilles tendons as representing the upper and lower limbs and used ultrasonography which has been shown to be a valid and reliable imaging tool for tendon evaluations (4, 5) .
SUBJECTS AND METHODS
Twenty-seven male workers (aged 25−44 years) with occupational lead exposure from small-scale industries, who were repeatedly exposed to lead fumes or lead stearate powder, and 27 age-and body mass index (BMI)-matched healthy male workers from factories that did not use lead as product materials were enrolled in our study. Subjects who had osteoarthritis or inflammatory arthritis, any other vocational heavy metal exposure and previous shoulder/ankle trauma or surgery were excluded. The study procedure was explained to each patient who gave informed consent before being included in the study. Local Ethics Committee approved the study protocol.
Demographic and clinical characteristics of the subjects such as age, weight, height, BMI, occupation, exposure duration to lead and smoking habits were recorded. Serum lead levels were determined from venous blood specimens. Ethylene diamine tetraacetic acid (EDTA)-containing tubes were used for collecting blood samples. Inductively coupled plasma mass spectrometry was used to detect blood and hair lead concentrations.
Ultrasonographic measurements were performed by using a linear probe (5−10 MHz; Mindray Bio-Medical Electronics Company, Shenzhen, China). Measurement for the Achilles tendon was performed from a posterior approach while the subjects were lying in the prone position and the ankle joints were kept in a neutral or slightly dorsiflexed position. The probe was placed in the transverse position on the Achilles tendon at the level of the inferior margin of medial malleolus (Fig. A) . Short/long axis diameters and cross-sectional area (CSA) of the tendon were measured from the nondominant side (Fig. B) . The supraspinatus tendon measurements were carried out while the subjects were seated and their arms were placed on the ipsilateral iliac wing (shoulders internally rotated and elbows flexed). Axial tendon thicknesses were measured again from the nondominant sides. 
Statistical analysis

RESULTS
Demographic and clinical characteristics of the subjects are summarized in Table 1 . Tendon measurements are given in Table 2 . While the supraspinatus tendon thicknesses were similar between the groups, mean Achilles tendon measurements -long axis (p = 0.034) and CSA (p = 0.013) -were found to be smaller in the lead exposed group. Achilles tendon CSA measurements were positively correlated with height (r = 0.522, p = 0.005) in the exposed group, and with weight (r = 0.472, p = 0.013) and height (r = 0.475, p = 0.012) in the control group. Any other correlation between the tendon measurements and the clinical characteristics of the subjects were otherwise not present in either group. The values are given as mean ± SD or n (%)
DISCUSSION
In this study, we tried to find out whether the supraspinatus and Achilles tendon thicknesses of subjects with chronic occupational lead exposure were different than those of controls. Overall, we have found that those subjects with lead exposure had smaller Achilles tendons. Lead is stored mainly in the bony tissues as well as nails and hair after inhalation through the respiratory tract or absorption via the gastrointestinal tract (1, 2). It causes osteoporosis with high bone turnover, whereby it disturbs calcium absorption and vitamin D metabolism (6−8) . Furthermore, collagen synthesis is decreased by lead, and epidermal growth factor and protein kinase C were suggested as the common modulator of these effects (9) . Various studies also on human synovial cells, chick bone or mouse fibroblast cultures have confirmed that the collagen synthesis is impaired by lead (10−12).
According to our results, subjects with occupational lead exposure had smaller Achilles tendons. Since the groups were age, gender and BMI-matched, our results support that this difference could possibly be attributed to the inhibition of collagen synthesis by lead. However, whether this difference is also associated with histological abnormalities needs to be further studied. Since the tendons have limited blood supply and hypovascular zones, our finding of decreased size may be an early harbinger of future tendinopathies such as ruptures (13) . Considering the fact that the Achilles tendon bears significant weight and serves as one of the most important components of the gait cycle, our finding is noteworthy and necessitates further studies as regards the functionality and quality of life of relevant subjects.
In contrast to Achilles tendon measurements, no significant difference was found with the supraspinatus tendon. However, since the thickness of the Achilles tendon was also not different between the groups, our finding might actuallyand consistently as well -imply that lead intoxication has a particular type of an adverse effect on tendon morphology (decreasing width rather than thickness). On the other hand, the lack of supraspinatus tendon width and CSA measurements does, for sure, cloud this conclusion. In this respect, future studies need to look at tendon measurements not only confined to thickness.
Other than our sample size, an important limitation of this study would be the lack of urinary pyridinoline measurements which could have indirectly reflected collagen damage (14) and predicted tibia-bone lead content (15) .
To conclude, in light of these preliminary results, we suggest that subjects with occupational lead exposure have smaller Achilles tendons than healthy subjects. Further studies with larger samples are definitely awaited to confirm these initial findings, and histological assessments need to be undertaken to clarify tendon damage and long-term follow-up for rupture risk.
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